Introduction: Work fatigue or fatigue is a kind of body prevention from further damages. The fatigue experienced by a worker resulted in a decrease in work performance and lack of body endurance during the work. The workers of steel smelting companies are one of the examples of workers who potentially experience work fatigue. This research aims to ascertain both the internal and external factors of work fatigue experienced by the workers at Sidoarjo steel smelting company. Methods: This research was conducted at Sidoarjo steel smelting company in May 2018 with a population of 30 people. The internal factors in this research are the age, years of service, and nutritional status of the workers. Meanwhile, the external factors are the physical workload, work climate, and noise. This research is descriptive research with observation as the data collection method and is cross-sectional research design. The sample is calculated by applying the total population sampling technique. The data is presented descriptively in the form of frequency, percentage, and cross-tabulation among variables distributions. Result: It is revealed that the majority of the workers, as many as 17 people, undergo mild work fatigue (56.7%). The results of the cross-tabulation show that moderate and severe fatigues are mostly experienced by the workers with these criteria: younger, shorter years of service, obese, fair physical workload, and work climate and noise that exceed the Threshold Limit Value (TLV). Conclusion: It is affirmed that both the internal and external factors are related to work fatigue.
INTRODUCTION
Every worker can possibly experience work fatigue at different levels. Work fatigue or fatigue is a kind of body prevention to avoid further damages of the body and can be recovered after getting a sufficient amount of rest (Tarwaka, 2015) . The fatigue experienced by workers may result in a decrease in work performance and lack of endurance of the body during the work (Suma'mur, 2014) . In line with ergonomics concept, the balance between workload and capacity of the workers is indispensable in order to attain high work performance (Manuaba, 2000 in Tarwaka, 2015 . The National Social Security (2018) has taken note that in 2017, the number of occupational accidents reached 80,932 cases. According to the document of the International Labour Organization (2013), as many as two million workers died of occupational accidents caused by fatigue. The results were obtained from research performed to 58,115 samples, in which 32.8% or 18,828 samples suffered from fatigue (Arini and Dwiyanti, 2017) . In fact, fatigue or work fatigue that is not immediately treated can be one of the factors of occupational accidents and occupational illnesses (Tarwaka, 2015) .
The work fatigue in many industries is caused by various factors that can be classified into two, namely internal factors and external factors. Internal factors include the age, years of service, and nutritional status of the worker. On the other hand, external factors comprise physical workload, work climate, and noise (Grandjean, 1991 in Tarwaka, 2015 .
One industry in which the workers are potential enough to undergo work fatigue is steel management industry. The research authored by Paulina and Salbiah (2016) to 31 workers at PT Kalimantan Steel discovered that as many as 29 workers (70.9%) suffer from fatigue. Then, it was noticed that the fatigue experienced by the workers is caused by several factors, such as the age, years of service, nutritional status of the workers, hot work climate, and noise in the workplace. In result, it was obtained that those factors have a significant correlation to the occurrence of work fatigue (p<0.05) with noise as the strongest factor that influenced the fatigue.
Sidoarjo steel smelting company is a steel company that produces billets and wire coils. In this company, there are two main production processes, namely smelting and rolling. The smelting process is performed at an area known as steel melting shop by using the basic material of scrap metal and sponge iron that are put into an iron pot. During this process, the temperature required is 1300°C-1600°C and applies an electric system in the form of the cathode as the smelter. The product of this process is liquid steel that later is relayed to the next process to be made into a billet with the width of 120-160 mm and the length of 3.9-12 m. The production at the company has the capacity of 60,000 tons/month with the production capability of approximately 24 heat/24 hours. Some of the produced billets are sold to the market, but some others are relayed to the rolling process to produce wire coils as the final product of the rolling mill section.
The numbers of the workers at the steel melting shop are 30 people during morning shifts (07:00-15:00), 23 people during evening shifts (15:00-23:00), and 15 people during night shifts (23:00-07:00), with 1-hour interlude of each shift. Furthermore, the activities of the workers at the steel melting shop are diverse depending on the place they are assigned to, such as: putting the scrap metal into an iron pot; putting in the coil; docking the crane (sling) to the hook of the iron pot; spraying water to the outside of the hot iron pot; taking the sample of liquid steel; repairing the iron pot and the iron smelter electrode; and shaping the liquid steel.
The measurement of the physical working environment (work climate and noise) at Sidoarjo steel smelting company in early 2018 showed critical results. It was obtained that more or less, the work climate at the steel melting shop is >30°C with the noise level of about 85-110 dB(A). In other words, it can be affirmed that the measurement results indicate that the exposure of the work climate and the noise at the steel melting shop exceed the TLV that has been specified by the Minister of Manpower and Transmigration (2011) .
Therefore, by referring to the results of the research conducted by Paulina and Salbiah (2016) regarding work fatigue of the workers at PT Kalimantan Steel as well as the real condition of the workers and the physical working environment at Sidoarjo steel smelting company, the authors intend to analyze the occurrence of work fatigue at Sidoarjo steel smelting company. Moreover, the authors also propose to discover the internal and external factors that cause work fatigue suffered by the workers at Sidoarjo steel smelting company.
METHODS
This research is observational research due to the fact that there is no intervention nor special treatments given to the respondents. The research design applied in this research is the cross-sectional design. Moreover, this research is considered descriptive research without statistics tests inasmuch as it merely aims to figure out the internal and external factors that are believed to cause work fatigue undergone by the workers at Sidoarjo steel smelting company.
This research took place in the area of steel melting shop at Sidoarjo steel smelting company and was conducted during the first week of May 2018. In addition, there was no calculation to determine the sample since this research employed total populated sampling technique.
The internal factors analyzed in this research are the age, years of service, and the nutritional status of the workers. Meanwhile, the external factors cover the physical workload, hot work climate, and noise.
There were two kinds of data collection in this research, that is primary data and secondary data. The primary data was collected in different ways according to the variables. The data of work fatigue was obtained by distributing the Industrial Fatigue Research Committee (IFRC) questionnaire that consisted of 30 questions; 10 questions on weakening activities, 10 questions on weakening motivations, and 10 questions on weakening physical states. The data regarding the age and years of service of the workers were acquired by distributing an open-question questionnaire. Furthermore, the data of the nutritional status was attained by measuring the weight and height of the respondents which later was calculated based on the Body Mass Index (BMI) formula. The BMI was then classified into four groups as referred by the Ministry of Health of the Republic of Indonesia (2003), namely underweight, normal weight, overweight, and obese. Additionally, the data on physical workload was obtained by measuring the pulse before and during work which then calculated by employing Cardiovascular Load (CVL) formula. Other than that, the data on work climate was gathered through measurement by using Heat Stress Apparatus equipment, while the data on noise was acquired though measurement by using Soundlevel Meter equipment. Likewise, the secondary data of this research was in the form of company profile as well as the measurement of the physical working environment at Sidoarjo steel smelting company.
RESULTS

General Description of Sidoarjo Steel Smelting Company
Sidoarjo steel smelting company is a Foreign-Owned Company and is one of the members of Lakshmi Mittal (LNM) Group. The products of this company are in the form of billets and wire coals. The total production reaches the number of 700,000 tons with a division of 70% of the product for domestic markets and 30% are exported to other countries. This fact alone places the company as the second-biggest steel company after PT Krakatau Steel (Enterprise) Tbk.
Overall, the products of Sidoarjo steel smelting company is produced by utilizing modern facilities, start from the steelmaking through slag-free electric furnaces, secondary melting, continuous casting for clean steel results, until the automatic rolling process. The results of the production are highly monitored with quality control and tests at every stage.
The Internal Factors of the Workers
The internal factors in this research are limited to 3 variables, namely the age, years of service, and the nutritional status of the workers. The results of the research are presented in Table  1 , Table 2, and Table 3 . Table 1 depicts that the age group of 35-40 years old is the group with the most workers, that is as many as 9 people (30%). The group of the most years of service is shown in Table 2 , which is the group with >21 years of service, that is as many as 13 people (43.3%). The most nutritional status of the workers, namely normal nutritional status, is presented in Table 3 , which consists of 27 people (90%).
The External Factors of the Workers
The external factors of the workers in this research consist of 3 variables, such as physical workload, work climate, and noise. The workload in this research is measured by Cardiovascular Load (CVL) that compares the increase of working pulse to the maximum pulse. After that, the workload is distributed into 5 groups, namely mild, moderate, rather heavy, heavy, and very heavy.
The measurements of work climate and noise in this research were completed at five points during 09:00-13:00 WIB. The measurement points were adjusted based on the place where the respondents work. The results of the work climate measurement consist of wetbulb temperature (Tw), dry-bulb temperature (Td), globe thermometer temperature (Tg), wetbulb globe temperature index (WGBT), relative humidity (RH), and airflow velocity. Meanwhile, the results of noise measurements are in the forms of results and range. The frequency distribution of the results of work climate and noise measurements are then presented. The results of the measurements and the frequency distribution of the external factors of the workers can be comprehended through Table 4 , Table 5 , Table 6, Table 7 , Table 8, and  Table 9 . 
Workload
Referring to Table 4 , it can be noticed that in average, the average resting pulse of the workers at Sidoarjo steel smelting company is 92 beat/minute, while the average working pulse is 115 beats/minute, followed by the average of the CVL level of the workers as much as 27%.
Thus, it can be asserted that typically, the workers receive a mild physical workload.
The similar thing can also be remarked in Table 5 , the table of the distribution of physical workload of the workers at Sidoarjo steel smelting company. The table showed that a mild physical workload is the most workload received by the workers with a total number of 22 people (73.3%).
Work Climate
Denoting to Table 6 , it can be inferred that the average of wet-bulb temperature (Tw) in the area of Sidoarjo steel smelting company is 27.2°C, while the average of dry-bulb temperature (Td) is 35.3°C, and the average of globe thermometer temperature (Tg) is 40.9°C. In addition, the relative humidity (RH) has an average of 50.2%. Moreover, the wet-bulb globe temperature index (WGBT) in the area of Sidoarjo steel smelting company is 31.9°C. Furthermore, it is to be noted that the wet-bulb globe temperature index (WGBT) is the index that shows the level of the work climate in a certain place.
From Table 6 , it can also be perceived that the highest wet-bulb temperature (Tw) is at point 4, as much as 27.8°C. The highest dry-bulb temperature (Td) is discovered at point 5, as much as 37.7°C, while the highest globe thermometer temperature (Tg) is at point 1, as much as 43.1°C. As for the relative humidity (RH), it is found that the highest humidity is at point 4, that is 57%, while the highest wet-bulb globe temperature index (WGBT) is at point 3, as much as 32.7°C.
The distribution of the workers exposed to the hot work climate that exceeds the TLV can be sighted in Table 7 . From Table 7 , it can be remarked that as many as 16 people (53.3%) are exposed to a hot work climate that exceeds the TLV. The TLV of work climate and the wetbulb globe temperature index (WGBT) have been determined and can be found at the (Minister of Manpower and Transmigration, 2011).
Noise
By denoting Table 8 , it is known that four out of five points have noise that exceeds the TLV, for instance; point 1 as high as 110 dB(A), point 3 as high as 104.5 dB(A), point 4 as high as 105 dB(A), and point 5 as high as 97.5 dB(A).
The highest noise value is discovered at point 1 with the value of 110 dB(A). Additionally, the average noise value in the area of steel melting shop is 99.4 dB(A), which can also be exclaimed exceeding the determined TLV.
The distribution of the workers exposed to the noise of >85 dB(A) can be seen in Table 9 . From the table, it can be affirmed that most of the workers that are as many as 16 people (53.3%) are exposed to the noise of >85 dB(A) during working hour.
Work Fatigue
The measurement of work fatigue in this research is based on the Industrial Fatigue Research Committee (IFRC) questionnaire, which consists of 30 questions. From the research, it is obtained that the lowest individual score is 0, while the highest is 90. The work fatigue categories in the questionnaire comprise mild, moderate, less severe, and very severe. The measurement of work fatigue in the area of steel melting shop can be seen in Table 10 . From Table 10 , it can be alleged that the majority of the workers in the area of steel melting shop experience mild fatigue, which is as many as 17 people (56.7%). Table 11 showed that the workers with the age of >39.5 years old are those who experience mild fatigue the most, that is as many as 10 people (66.7%). In the meantime, majority of the workers whose ages are <39.5 years old suffer from moderate work fatigue, which is as many as 7 people (46.7%) and severe work fatigue that is experienced by 1 person (6.6%). From the results, it can be perceived that the workers whose ages are <39.5 years old tend to undergo moderate and severe fatigues compared to those whose ages are >39.5 years old. In other words, it is to be stated that the younger the worker is, the higher the chance of the worker to experience a higher fatigue level. Table 12 portrays the result of crosstabulation between the independent variable, namely years of service, and the dependent variable, for instance, the work fatigue. In results, Table 12 displays that the workers who have been working for >15 years tend to experience mild fatigue, that is as many as 9 people (64.3%). Additionally, the workers whose years of service is <15 years tend to suffer from moderate fatigue, that is as many as 7 people (43.75%) and severe fatigue with the number of 1 person (6.25%). From the results described beforehand, it can be specified that the workers whose years of service is <15 years tend to experience moderate and severe fatigues compared to those whose years of service is >15 years. Therefore, it can be affirmed that the shorter the years of service is, the higher the level of fatigue experienced by the workers is. Table 13 presented that the workers with normal nutritional status undergo mild work fatigue, that is as many as 17 people (63%), while the workers whose nutritional status is obese face moderate and severe fatigues, that is as many as 2 people (66.7%) and 1 person (33.3%), respectively. From the results, it can be supposed that the workers with obesity as their nutritional status tend to experience moderate and severe fatigues if compared to those whose nutritional status is normal. Accordingly, it can be asserted that the worse the nutritional status of a worker is, the more severe the fatigue she/he undergoes is. Table 14 displayed that most of the workers with a mild physical workload, as many as 17 people (73.9%), suffer from mild fatigue. Furthermore, majority of the workers with fair physical workload tend to experience moderate fatigue, which is as many as 6 people (85.7%) and severe fatigue, that consists of 1 person (14.3%). From the results, it can be declared that the workers with fair physical workload tend to undergo moderate and severe fatigues if compared to those whose physical workload is fair. In other words, it can also be stated that the more physical workload received by the workers is, the higher the level of fatigue they experience is. Table 15 indicated that all of the workers exposed to a hot work climate that does not exceed the TLV, as many as 14 people (14%), undergo mild fatigue. Meanwhile, the workers who are exposed to a hot work climate that exceeds the TLV mostly suffer from moderate fatigue (12 people or 75%) and severe fatigue (1 person or 6.25%). Hence, from the results described in advance, it can be declared that the workers who are exposed to hot work climate that exceeds the TLV tend to experience moderate and severe fatigues, compared to those who are exposed to hot work climate that does not exceed the TLV. In other words, it can be affirmed that the hotter the work climate exposed to the workers is, the more severe the fatigue undergone by the workers is. Table 16 disclosed that the entire workers that are exposed to noise that does not exceed the TLV, as many as 14 people (100%) suffer from mild fatigue. Whereas most of the workers exposed to noise that exceeds the TLV undergo moderate fatigue, that is as many as 12 people (75%) and severe fatigue, that consists of 1 person (6.3%). Consequently, from the results, it can be identified that the workers who are exposed to noise that exceeds the TLV tend to experience moderate and severe fatigues, compared to the workers exposed to noise that does not exceed the TLV.
Cross Tabulation between the Internal Factors of the Workers and Work Fatigue
Cross Tabulation between the External Factors of the Workers and Work Fatigue
DISCUSSION
The Internal Factors of the Workers
Age is one of the internal factors of the workers that cannot be manipulated (Anindya, 2017) . The results of the research indicated that the most membered age group at Sidoarjo steel smelting company is the group of 35-40 years old, which consists of 9 people (30%). The workers whose ages are <39.5 years old mostly suffer from moderate and severe fatigues compared to the workers whose ages are >39.5 years old.
According to the observation on the younger workers, it was obtained that commonly, they receive more physical workload than the older workers do. Likewise, the workers with younger age are found more in the area with work climate and noise that exceed the TLV. In this research, the fair workload and work climate, as well as noise that exceeds the TLV, is believed to cause more of severe work fatigue.
From the analysis that has been done beforehand, it can be settled that the younger the age of the workers is, the more severe the level of work fatigue is. Apparently, this result is in line with the result of the research conducted by Anindya (2017) . Her research regarding work fatigue of the container crane operators at PT Terminal Petikemas Surabaya came up with the results that the workers whose ages are <41 years old undergo more of moderate fatigue (80%) compared to the workers whose ages are >41 years old. Other than that, Lusiana, Zahroh and Baju (2014) also explained that workers with a young age tend to struggle more in recovery and are easier to suffer from fatigue compared to workers with older age. Ostensibly, because older workers are believed to have better emotional stability.
On the contrary, the result of this research is different from the prior research authored by Paulina and Salbiah (2016) . Their research claimed that there is a strong correlation between the age of the workers as a variable and work fatigue at PT Kalimantan Steel (p<0.05). Furthermore, it was explained that as the age increases, the volume of lungs, eyesight, the speed of distinguishing something, hearing, and decision-making ability decrease Paulina and Salbiah (2016) . Moreover, they added that these things are caused by the degeneration of the organs that results in a decrease in work performance (Paulina and Salbiah, 2016) .
Years of service is the second internal factor that causes work fatigue. The results of the research indicate that the group with the most workers is the group of >21 years of service, which consists of 13 people (43.3%). Additionally, moderate and severe work fatigues are mostly undergone by the workers whose years of service are <15 years, compared to the workers with >15 years of service.
Bestowing to the analysis on the workers with shorter years of service, it was obtained that those workers mostly work in the area with hot work climate and noise that exceed the TLV. Interestingly, in this research, the exposure of work climate and noise that exceed the TLV are discovered to cause more moderate and severe fatigues.
From the analysis above, it can be determined that the shorter the years of service is, the more severe the work fatigue experienced by the workers is. Remarkably, this result is akin to the result of the research piloted by Anindya (2017) . Her research at PT Terminal Petikemas Surabaya discovered that the workers with <10 years of service tend to suffer moderate fatigue, compared to the workers with >10 years of service. Generally, workers with more years of service have adapted better to the working environment. Consequently, this makes the workers with more years of service do not undergo work fatigue (Lusiana, Zahroh and Baju, 2014) .
Nonetheless, Paulina and Salbiah (2016) proposed another statement regarding this fact. In their research completed on the workers at PT Kalimantan Steel, they came up with the result that the workers with more years of service tend to experience moderate and severe fatigue, that is as many as 16 people (72.7%). In fact, this result is in line with what Grandjean (1993) long years of service has the potential for severe fatigue as the result of a long accumulation of fatigue during those periods of time.
The third internal factor that causes work fatigue is the nutritional status of the workers. The determination of nutritional status involves two important aspects, namely height and weight. The result of this research pointed out that almost all of the workers have normal nutritional status, that is as many as 27 people (90%), while the other 3 have obese nutritional status. In addition, moderate and severe work fatigues are discovered to be experienced by the workers whose nutritional status is obese. The result of the cross-tabulation showed that 2 out of 3 workers with obesity suffer from moderate fatigue, whilst the other 1 suffers from severe fatigue.
In broad, from the previous analysis, it can be acknowledged that the worse the nutritional status is, the more severe the fatigue is. Moreover, this result is alike to the result of the research completed by Paulina and Salbiah (2016) , which disclosed that there is a significant correlation between the nutritional status of the workers and work fatigue at PT Kalimantan Steel. Other than that, Suma'mur (2014) added that both underweight and overweight may result in occupational diseases and the decrease in work performance.
In contrast, Handayani, Suhartono and Nurjazuli (2015) avowed that the worse the nutritional status of the workers (overweight and obese) is, the rarer the work fatigue is. Likewise, Handayani, Suhartono and Nurjazuli (2015) enhanced that such thing happens due to the fact that overweight workers have more tissues that function as good isolators than normal or underweight workers do who only have 1/3 of the isolator.
The External Factors of the Workers
From an ergonomics point of view, every worker is believed to have her/his own physical workload. The level of workload received by a worker depends on the balance between the capacity of the worker and the given demand (Tarwaka, 2014) . The research completed at Sidoarjo steel smelting company indicated that majority of the workers receive mild workload, that is as many as 23 people (76.7%). In addition, moderate and severe fatigues are undergone more by the workers with a fair workload rather than by those with a mild workload.
Thus, from the analysis, it can be stated that the fairer the physical workload is, the more severe the fatigue is. Furthermore, the result of this research is the same as the research conducted by Handayani, Suhartono and Nurjazuli (2015) , which affirmed that there is a significant correlation between physical workload and work fatigue. Above and beyond, Rodahl (1989) in Tarwaka (2014) declared that the fairer the workload is, the more energy needed is. Consequently, if the energy released is too excessive, the workers will suffer from fatigue more quickly.
However, Lusiana, Zahroh and Baju (2014) came up with a different idea; she did not discover any significant correlation between physical workload as a variable and work fatigue in furniture workers. Furthermore, she continued that the results are due to the time management applied at the company, which is 75% for work and 25% for.
There are two factors of the physical working environment in this research, namely hot work climate and noise. The factor of the physical working environment can be an additional workload for the workers at Sidoarjo steel smelting company. From the measurement of the work climate in the area of steel smelting company, it was obtained that the average wetbulb globe temperature index (WGBT) is 31.9°C. The temperature generally can exceed TLV depending on the physical workload and time management (Minister of Manpower and Transmigration, 2011) . Furthermore, majority of the workers in the area of steel smelting company are exposed to a work climate that exceeds the TLV, that is as many as 16 people (53.3%). Consequently, those workers mostly undergo moderate and severe fatigues compared to the workers who are exposed to a work climate that does not exceed the TLV.
Accordingly, from the analysis, it can be asserted that the higher the exposure of hot work climate to the workers is, the more severe the fatigue the workers experienced is. The inference of this analysis is in line with the research authored by Paulina and Salbiah (2016) , which declared that there is a significant correlation between work climate as a variable and work fatigue. Moreover, Paulina and Salbiah (2016) added that the workers exposed to the temperature of >30°C tend to suffer from moderate and severe fatigues (81.8%).
Additionally, Lusiana, Zahroh and Baju (2014) in her research claimed that the water content in the body will decrease if a worker stays for a long time in the area with hot pressure. As a result, it can affect the body endurance of the workers. Subsequently, untreated work fatigue can lead to other occupational diseases, such as heat cramps, heat stress, heat exhaustion, heatstroke, and miliaria (Suma'mur, 2014) .
Besides the extreme work climate, it was detected that the Sidoarjo steel smelting company also has extreme noise. Based on the research completed in five different points, it was perceived that the average noise value in the area of Sidoarjo steel smelting company is 99.4 dB(A). This value indicates that generally, the noise in the company exceeds the TLV. Furthermore, as many as 16 workers (53.3%) are known exposed to the noise that exceeds the TLV. In results, the workers who are continuously exposed to the exceeded noise undergo moderate and severe work fatigues, compared to the workers who are not exposed to the exceeded noise.
Hence, from the analysis above, it can be declared that the higher the noise exposure to the workers is, the more severe the fatigue undergone is. As a supportive statement, Paulina and Salbiah (2016) claimed that there is a significant correlation between noise as a variable and work fatigue; the workers who are exposed to the noise of >85 dB(A) tend to suffer from moderate and severe fatigues.
It has been determined that the TLV of noise in a workplace is 86 dB(A) during maximum 8 working hours per day and 5 working days per week or 40 working hours per week (Minister of Manpower and Transmigration, 2011). Moreover, it is common that the noise in an industry is sourced from the production equipment (Paulina and Salbiah, 2016) . However, noise can result in communication disruption and fatigue that can decrease work performances (Suma'mur, 2014).
Work Fatigue
The research that has been carried out at Sidoarjo steel smelting company specified that work fatigue is undergone by all of the workers. From the results, it can be distinguished that more than half of the workers, as many as 17 people (56.7%), undergo mild fatigue. Referring to Tarwaka (2015) , mild fatigue is a safe condition in which recovery is still not yet needed. Other than that, the workers also suffer from moderate fatigue (40%) and severe fatigue (3.3%). These conditions, especially severe fatigue, as Suma'mur (2014) explained, are the conditions that need to be taken care of as soon as possible to prevent detrimental effects on the workers.
CONCLUSION
The correlation between the internal factors and work fatigue portrays that the higher severity level of fatigue tends to be experienced by the workers with younger age, lesser years of service, and worse nutritional status. In addition, the correlation between the external factors and work fatigue depicts that the workers who are exposed to heavier physical workload and more exposure on hot work climate and noise tend to suffer from the higher severity level of fatigue.
